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Our knowledge concerning the primary products of carbon 


synthesis and the formation of carbohydrates in plants is in a de- 
gree exact,* but regarding the question of synthesis of proteids 
we are not in a position to give any plausible reasons for our sup- 
positions. This is not strange, when we consider that the very 
product of this synthesis is imperfectly known and that until 
recently we have had no rational nor even empirical formula 
of proteids which we could assume with any degree of probability. 

I believe that little worthy of note will be omitted if I divide 
into four classes the views set forth in the scientific literature upon 
the structure of proteids. 

1. Hunt considered these as nitryls of sugar, derived from the 
latter and ammonia, a supposition which can hardly be recon- 
ciled with the recent results of physiological and chemical in- 
vestigations. 

2. Sachsse holds that they are anhydrides produced from 
asparagin and from fatty aldehydes. 

3. According to Schiitzenberger they are composed of ureids, 
derivatives of carbamide. 

4. Finally, Grimaux, in his definition of proteids as com- 


pounds which by addition of water are decomposed into carbonic 


*The author has shown in a Polish paper (Wezechswiat, 1893, Nos. 4 and 5) that 
the recent discoveries of E. Fischer make equally plausible three suppositions about the 
formation of carbohydrates from CO, and H,O in plants; one of them is the well 
known hypothesis of Bayer, the second was proposed by E. Fischer himself and the 


third by the author of the quoted paper 
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acid, ammoniac and amidic acids, places them in the nearest vicinity 


with uric a 


l, which gives also by hydrolysis carbonic acid, am 


moniac acid, 


glycocol 

[he principal facts to be accounted for with these different 
hypotheses are the following : 

1. The last product containing nitrogen in the metamorphosis 
of animals is carbamide or uric acid 

2. The compounds from which proteids are formed in plants, 
as will be shown later on, are most probably amides (including 
amidic acids and their amides, and especially asparagin) and _ the 
carbohydrates. 

3. The products of decomposition of proteids under the action 
of pure chemical agents. ‘These are in the most part amides 
which are obtained by the action of bromine,* of barium hydrate 
under high pressure,+ of hydrochloric acid and stannous chloride,} 
by long boiling with sulphuric acid,§ or acids in greater part from 
the fatty series, obtained through the action of manganese dioxide 
and sulphuric acid as well as chromic acid. Besides carbonic 
acid and oxalic acid are nearly always formed. 

[he presence of hippuric acid in the urine of herbivorous ani 
mals, the indol and the skatol found in the products of pancreatic 
digestion (Salkowski), the tyrosin nearly always present in the ani- 
mal body, lead to the supposition that aromatic groups are also 
constituents of the proteid-molecule and it even seems that some 
of the most characteristic color reactions of these compounds are 
due to them.** 

We shall not pass over in silence the synthesis of colloidal bodies 
obtained by Grimaux and by Schitzenberger, which shows a very 
great resemblance to proteids. Grimaux obtained his colloid by 
melting together asparagic anhydride with carbamide; Schit- 


zenberger by the action of epichlorhydrin upon carbamide. 


Hasiwetz and Habermann, Liebig’s Annalen, 159: 304 
t Schiitzenberger, Annales de Chimie et de Physique, V. 16: 289 
t Hasiwetz and Habermann, Lieb. Ann. 169: 150 
2 Kreusler, Zeitschrift fiir Chemie, 1870: 93. 
Guckelberger, Liebig’s Annalen, 64: 39 
§ lbidem. 
** So the reaction upon krautoprotein, by Millon and Liebermann. See Wiirtz 


Second supplement au Dictionnaire de Chemie, 1892. 


— = 
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Taking into consideration the qualitative and quantitative rela- 
tions of compounds derived from the proteids through the action of 
baryta-water under high temperature (200° C.) and pressure, 
Schitzenberger * gives formulae for albumin and gelatin, which 
are perhaps premature as to minute details, but no doubt give 
quite an adequate expression of the fundamental facts both phy- 
siological and chemical by putting at the base of the proteid mole- 


cule, two groups, the carbamide and the oxamide : 


N= : N =i7 
OH =. aaa 4 Ee Co 
~N= 2-2 -+>N= 
Cif, 
‘ CO C,H, — NH — C,H, — NH —CH CO.H 
aie” CO— CH. NH —C,H, N CH, —CH, — CO 
N H 


CO — C,H, —CH — NH — CH, —CH — NH — CH, —CO,H 


The presence of these two groups will enable us to give an ac- 
count of two very general facts concerning the chemistry of organ- 
ization. 

This is practically all that we know about the final product of 
synthesis of nitrogen compounds in plants. We shall take next 
into consideration the physiological facts elucidating that synthesis. 

In the first place may be noted the changes of proteids in the 
germination of seeds. As colloids, they cannot be transferred from 
cell to cell unless they are decomposed into simpler crystalline 
bodies. A long series of investigations has shown that this transfer 
is performed in the shape of amides. 

Asparagin is to be found in very many sprouting plants while 
it is not present in their seeds. Asparagin is not soluble in 
alcohol and when sections of plants are placed in that liquid it is 
deposited in characteristic crystals. By means of this reaction 
Pfeffer has shown that many seedlings contain asparagin, whether 
growing in light or in darkness ; in other plants it is not present. 
This asparagin is obviously derived from the proteids contained in 

* See the article of that author in the second supplement to the Dictionnaire de 
Chemie of Wiirtz (1892). 


t We quote here the condensed formula ef Schiitzenberger, given by Goutier in his 
Chimie de la cellule vivantem, 1895 : 
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the seed and is used to build up the protoplasm of growing parts, 
as shown by the experiments of Boussingault and recently it has 
been confirmed by Laskowski, Fleury and Detmer, that when a 
seedling does not receive nitrogen from outside, the quantity of 
that element is not changed during the germination. In other 
words the plant does not lose its nitrogen. 

In the same conditions as sprouting seeds are the young buds 
of plants ; their tissues are formed from the plastic materials gath- 
ered by the plant during the foregoing summer. Thus Borodin 
found asparagin and sometimes tyrosin in the buds of many 
trees and shrubs, especially in those which are developed from 
twigs cut in winter and grown in dull light, indicating that light 
impedes directly the formation of asparagin: but Pfeffer obtained 
the same result when cultivating lupine in light, but in an atmos- 
phere free from carbonic acid. Such plants were very rich in as- 
paragin. 

There is, moreover, no doubt that the accumulation of asparagin 
is connected with another fact, the lack of carbohydrates. In the 
described experiments this was due either to the cutting off of a 
twig (freed of leaves and thus unable to assimilate) from a tree, 
containing reserve carbohydrates, or to the suspension of as- 
similation through darkness or lack of carbonic acid. In plants, 
which are growing in normal conditions, the asparagin does not 
accumulate, for it is at once combined with the produced carbo- 
hydrates to form proteids. This inference is confirmed by the in- 
vestigations of Schultze and Uhrich,* who found that the large part 
(34-47.7%) of nitrogen in the roots of the beet (eta vulgaris) is 
contained in amides (specially in glutamin and asparagin), while 
during the growth of the leaves a large portion of these bodies is 
consumed to form the proteids for these organs. 

Emmerling gives as the result of the first of a series of inves- 
tigations, which he undertook in this line on a large scale, the 
following statement : “ The parts of plants growing energetically 
contain more amide than parts which are older and already de- 
veloped.” + 

At last experiments with seeds growing in darkness complete 

* Landwirtschaftliche Versuchsstationen, 18: (1875) and 20: (1877 


t Landw. Versuchsstationen, 24: 153. 1880 
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the preceding tests, showing that in this case amides and carbohy- 
drates are produced from proteids. Inthe experiments of Uhrich, 
Schultz and Umlauf with seeds of lupine the result was that the 
plants cultivated in darkness contained 18.22% more of asparagin 
and 12.31% more of other amides and organic nitrogen com- 
pounds, while only 5.33% more of carbohydrates in form of glucose 
and cellulose than seeds ; on the other hand they contained 30.07% 
less of proteids. The comparatively slight increase of carbohy- 
drates is explained by their loss from respiration, the general loss 
being 18.30% of dry substance. * 

All these facts prove without doubt that amides can be pro- 
duced in plants from proteids, and can, together with carbohy- 
drates, be used in their reconstruction ; they do not of course prove 
that we can consider amides as the predecessors of proteids when 
formed from inorganic substances, and the difficulty of the inves- 
tigation in this line is based upon the fact that amides are always 
found in growing plants as the form in which proteids are trans- 
ported either to the young growing parts (as buds, flowers, fruits) 
or to places where they are deposited as reserve food for the 
next year (roots, bulbs, etc.). 

In order to answer this question A. Emmerling} undertook a 
long series of investigations, consisting of the quantitative determi- 
nation of different compounds of nitrogen in different parts of 
plants and in various stages of their growth. These investigations 
led him to the belief that amides are products, preceding the 
formation of proteids from inorganic substances in plants. 

Before this series was completed (1887) other pieces of work 
appeared which tend to show the same results. 

Kellner was the first who tried to ascertain that proteids are 
formed from amides. He compared the amount of amides in 
plants supplied with pure water and those supplied with a solution 
of potassic nitrate.{ His results were criticised by E. Schultze § 
chiefly on the ground that we cannot consider amides as products 

* Landwirtsch. Jahrbiicher, 5: (1876). The loss of dry substance is at the expense 
of fat (5.61%) and dextrine-like carbohydrates (10.02%), besides some other not fully 
explained substances. 

+ Landw. Versuchsstationen, 24: 153 and foll. (1880) 

t Landwirtschaftliche Jahrbiicher, 8: Suppl. 243. 1879. 

2 Landw. Jahrbiicher, 9: (1880). 
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of the synthesis of inorganic substances, until we have proved that 
they are not produced from decomposition of proteids. In the 
meantime Hornberger and Raumer * applied the method of deter- 
mination of proteids newly introduced by Stuzer. This method en- 


he amount of these bodies from other 


ables us to determine t 
nitrogen compounds in plants. From the distribution of proteids 
ind other nitrogen compounds in Indian corn, Hornberger and 
Raumer deduced that the amides in plants are not only derivatives 
of proteids, but also their predecessors produced synthetically. 

Chis result was confirmed by Hornberger,} who experimented 
upon Szzapis aléa and by Emmerling who had then completed his 
long series of experiments. } 

On the other hand a recent publication gives a support for the 
second part of the supposition concerning the amides as a link be- 
tween inorganic bodies and proteids. Barthold Hansteen culti- 
vated Lemna in solutions of asparagin and glucose in dark- 
ness and found an obvious increase of proteids. The same result 
was obtained with carbamide and cane sugar as well as with salts 
of ammonia (ammonium chloride and sulphate) while leucin, 
cretin and alanin showed themselves unable to serve as proteid- 
producing materials. § The last observation concerning salts 
of ammonium if proved to be true cannot be generalized, for ex- 
periments made under the most stringent conditions have proved 
that phanerogamic plants cannot use ammoniacal salts as a source 
of nitrogen, although that capacity is possessed by fungi, 

So regarding the metamorphsis of nitrogen in plants we know 
that by the oxidation of the nitrates of the soil it is transformed 
into reduced nitrogen of amides, which by combination with 
carbohydrates produce proteids. 

We, therefore, have to answer two questions : 

1. In what organs of the plant does this transformation or its 
particular phases take place ? 


2. What compounds are intermediate between nitric acid and 


* LLandw. Jahrbiicher, 11 : (1882) 

t Landw. Versuchsstationen, 32: 415. 1885 

t Landw. Versuchsstationen, 34 : (1887) 

Z Beitrage sur Kenntniss der Eiweissbildung in phanerogamen Pflanzen. Berichte 


deutsch. bot. Ges 14 362 1596 
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the amides on the one hand, and between the latter and proteids 
on the other ? 

The first can be answered with greater certainty owing to the 
investigation of the past few years. As to the second—it can be 
answered only hypothetically ; but as every experimental science 
is in the same degree dependent upon facts, and upon scientific 
ideas, and as observation or experiment is always guided by scien- 
tific hypothesis, we ought not to throw aside suppositions which 
can be induced from facts and are not at variance with the general 
spirit of scientific thought. 

As to organs in which proteids are produced a supposition was 
given as long ago as 1862 by Sachs,* who considered the leaves 
as active in this process, Hanstein was led to the same results by 

his experiments in girdling shoots, and Pfeffer showed that the de- 
velopment of blossoms and buds is dependent upon the presence 
of leaves and the supply of the substance which circulates in the 
sieve tubes. 

The same conclusion must be drawn from the above quoted 
investigations concerning the distribution of nitrogen compounds 
in plants. The general result is that the organic nitrogen com- 
pounds are accumulated in leaves until the latter reach their full 
development, then they decrease in order to be transferred into 
fruits and finally disappear from the stem and the leaves while they 
are still increasing in the fruits even if the plant is not supplied 
with nitrogen from outside. 

But quite decisive are the investigations of A. F. W. Schimper,f 
who showed by means of the reaction with diphenylamin that the 





nitrates pass as such through the fibro-vascular bundle of leaves 
and disappear in the chlorophylic cells of the mesophyl while 
large amounts of calcium oxalate is produced, the calcium being 
combined with the nitric acid as calcium nitrate entering the plant 
through the roots. This disappearance occurs only in light, while 
in darkness or in leaves free from chlorophyl the nitrates are ac- 
cumulated in large amount. The experiments of Schimper and 
many others make it probable that in the same way sulphites and 

* Botanische Zeitung, and the articles scattered through the 45 vols. of Flora (1862 


seg.) where the cribrose vessels are indicated as the place of formation of proteids. 
+ Bot. Zeitung, 1888, N. N. 5-10. 
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phosphites are decomposed in the leaves while the sulphur and 
phosphorus are used for building up the proteid molecules, 

We cannot however agree with the conclusion of the author that 
the chlorophyl grain is the organ of this synthesis, and that the 
last is produced only under the influence of light. The synthesis 
of proteids from sugar and nitrates or salts of ammonia in fungi 
deprived of chlorophyl contradicts such a supposition. This objec- 
tion cannot be overthrown by the single remark, that the assimila- 
tion of nitrogen is in some regard different from this process in 
higher plants, for we have no reason to admit the necessity of 
light and chlorophyl to the pre duction of proteids, since we know 
that such a synthesis can be produced without their influence. Of 
course the principal difference between fungi and chlorophyl-bear- 
ing plants does not consist in the fact that they produce proteids 
in different ways, but that one of the compounds necessary to that 
production (the carbohydrates) is taken from the outside.* 

More probable is the supposition, that to the reduction of ni- 
trates into amides or to the consequent transformation of amides 
into proteids some compounds or groups of atoms are necessary 
which are produced during the assimilation of carbon and consti- 
tute perhaps some stage in the synthesis of carbohydrates. In 
fungi such bodies could be produced by a retrogressive metamor- 
phosis from carbohydrates, and the energy developed by this reac- 
tion may be used for the process of synthesis of proteids. Sucha 
supposition is supported by the fact observed by the same author 
viz.: the presence of some reducing substance in the chloro- 
phyl-bearing cells which hindered in many cases the color reaction 
with the diphenylamin, while neither the glucose nor the starch 
produce such effect.+ 

In this connection may be mentioned the hypothesis of Low ad- 
vanced long before the publication of the work of Schimper,t and 


Since this was written two pieces of work have appeared which have overthrown 


by experience the above exposed view of S« himper, previously advanced by Os« Miiller 


(Landw. Versuchsst., 1887). The one is of Kinoshita ( Bulletin of Agricultural Col- 


lege in Tokio, 1895 : 2), the other the above quoted memoir of B. Hansteen ( Berichte 
deutsche bot. Ges. 1896 

tl. c., 145. 

{ Eine Hypothese iiber die Bildung des Albumins in Pfiiger’s Archiv, 22: 503. 
ISSO 
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based upon facts concerning the feeding of fungi. By studying 
experiments (especially those of Pasteur and Nageli) to determine 
whether compounds with or without nitrogen can feed fungi Low 
found that only the compounds containing the group CH.OH are 
able to produce proteids. 

He supposes then, that this reaction is performed in three 
phases : 

The first consists in the production of asparagin aldehyde from 
the form aldehyde 


Form aldehyde. Asparagin aldehyde 


4CH.OH + NH, = NH,.CH.COH + 2H,O 


| 
CH,.COH 


The second is the condensation of several molecules of as- 
paragin aldehyde into a body now unknown. 
The 


, { H,N.CH.COH ) ere oe . 
ah CH,COH jf = C,,H,,N,O, + 2H,0 


Low maintains that this body is produced by the destruction 
of two or four aldehydic groups (COH). 

At last the body thus obtained gives protein by the action of 
hydrogen and H,S derived from decomposed water and reduced 
sulphuric acid : 

The simplest 


formula of protein. 


6 C,,H,.N,O, + 6H, + H,S = C.,H,,,N,,SO,, + H,O. 


This hypothesis was strongly criticised by E. Schultz.* Among 
his objections one deserves special notice, namely, that in scientific 


explanation such indefinite factors as the “vibrations of living 





molecules of protein’? must be carefully avoided—a factor to 
which Low has taken recourse again in his new hypothesis, con- 
cerning the formation of sugar.t 


It would be useless to go into detailed criticism of this hypoth- 


* Ueber die Eiweissumsatz in Pflanzenorganismus—Landwirtschaftliche Jahr- 
biicher, 1885; Just’s Berichte, 1888. The hypothesis proposed by this author to sup- 
ply the place of that of Léw seems to me, indeed, more remote from probability than 
the criticised one. 


+ Berichte deutschen chem. Gesellsch., 22: 482. 
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esis; but concerning the first reaction it may be remarked that 
while the given construction could be applied to the fungi, which 
can assimilate ammonia as easily as other nitrogen compounds, it 
could not apply to green plants, or at least to the phanerogams, 
since we know that they receive not only their nitrogen in the form 
of nitrates, but we have also certain data indicating the nature of the 
first transformation of these nitrates. And this is the only point 
in the whole process on which experimental researches have thrown 
some light. 

The purely chemical investigation of A. Emmerling* has shown 
that oxalic acid can decompose very dilute solutions of potas- 


sium or calcium nitrate by combining with the base and setting 


> 


free the nitric acid.t The most interesting consequence of this 
fact is the behavior of the oxalic acid in the presence of nitrate 
of potassium and carbonate of calcium. Pure oxalic acid does not 
dissolve calcium carbonate, because of the formation of thin in- 
soluble layers of calcium oxalate, which preserves it from the ac- 
tion of the acid. But as soon as we adda small quantity of ni- 
trate of potassium it is decomposed, and the nitric acid, set free, 
dissolves the calcium oxalate, producing calcium nitrate, which 
is again decomposed by the prevailing mass of oxalic acid. Thus 
a small quantity of potassium nitrate can by its ferment-like action 
assist in dissolving a large amount of calcium carbonate. 

Thus the observation of Schimper concerning the disappearance 
of nitrates in the green cells of leaves and the simultaneous accu- 
mulation of crystals of calcium oxalate, lead to the conclusion 
that the first change to which nitrates are exposed in leaves con- 
sists in setting free the nitric acid. 

The nitric acid ought then to be the starting point of our 
construction. Such a reaction is presented in the hypothetical 
equation of A. Mayer, which represents this reaction : 


A carbohydrate Pr without sulphur 


C..H,,O,. + 6HNO, = 2C,,H,,.N,O, + 21H,O + 13CO, 


The first member of this equation is a multiple of CH,O—the 
simplest formula of carbohydrates ; the first number of the right 


* Landwirts Versuchsstationen, 34: 109 


+R. A. Wood has proved the same for pure water (Amer. Chem. Journal, 1895) 
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side is the simplest formula of protein, with the omission of the 
sulphur. 

The equation shows that nitric acid and a carbohydrate can pro- 
duce protein without setting free other products than those which 
are produced by respiration, namely, carbonic acid and water. 

This reaction is otherwise represented by Berthelot and André, 
whose considerations are based upon chemical researches concern- 
ing the amount of calcium carbonate, oxalic acid and proteids at 
different periods of life of a plant and in its different parts. * 

Comparing the formula of formic aldehyde with that of oxalic 
acid, we see that when the latter is produced from the former 


it would have an excess of hydrogen: 
2CH,0 + 2H,O = C,H,O, + H, 


If we take into consideration the equality of volumes of car- 
bonic anhydride and oxygen by the assimilation, the surplus of 
hydrogen shows that besides the oxalic acid a substance richer in 
hydrogen (or poorer in oxygen) than carbohydrates is pro- 
duced. This may be the protein. The amount of protein found 
in the leaves of Rumex acetosa by the quoted authors answered 
fairly well to that of the oxalic acid, as needed by such a supposi- 
tion. The oxalic acid is to be considered as one of the products 
oxydized, being formed as the reverse side of the reduction of 
proteids. 

A. F. W. Schimper,+ agreeing with Emmerling, that amides are 
the predecessors of proteids, considers in accordance with the ex- 
pressed view of Berthelot and Andre the oxalic acid as an indirect 
product of that process and gives the following equation to ex- 
plain the formation of amides : 


Glucose Nitric acid. Asparagine Oxalic acid. 


C,H,,O, + 2NHO, = C,H,N,O, + C,H,O, + 2H,O + 30 


The three atoms of oxygen are added to the exhaled mass of 
that element giving a little surplus over the amount of absorbed 
CO,, which is generally observed. } 

*Comptes Rendus, 101: 24, and 102: 995, 1043. 

+ Flora, 1890. (Zur Frage der Assimilation der Mineralsaltzen in der Pflanze, 


242. 
t ZL. c.. 260 
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[he above quoted equation is in accord with the views ad- 
vanced by Holzner,* upon the participation of the oxalic acid, 
who considers it as a product of proteids, destined to decompose 
the nitrates, phosphates and sulphates of calcium introduced 
into the plant and to eliminate that element in an insoluble com- 
pound, a view which was confirmed experimentally as to the lat- 
ter part by Emmerling. The quantitative relation of both oxalic 
and nitric acids is just the same in the above mentioned equation 
as needed by the supposition. It is two molecules of HNO, for 
one molecule of oxalic acid. 

On the contrary Palladin+ claims, that the oxalic acid is pro- 
duced in the second stage of the reaction by the transition from 
amides into proteids and represents the process thus : 


\ ( s Protein (without S 


- C,I {Nf + 9 C,H,, = C,H Nig! dy +9 C,H, + 
23 H,O + 2H, 


Chis supposition does not contradict that accepted by Schimper’s 
formulae ; Berthelot and Andre found that the amount of oxalic 
acid in the form of soluble oxalates in fresh leaves is nearly equal 
to that found with calcium thus agreeing with the last equation in 
which, as well as in that of Schimper one molecule of oxalic acid 
is produced for two atoms of nitrogen, the amount of oxalic acid 
combined with calcium (supposing that the nitric acid is absorbed 
by the plant only as calcium nitrate) being thus equal to its sur- 
plus over that element. 

Such are the chief facts and the attempts to give an account of 
them. Trying to go somewhat further in this line the best way 
seems to me to start (as did Pfeffer) with a per cent. composition 
of both asparagin and a proteid, for instance legumin, calculated 
as to the equal amount of nitrogen, and to compare their dif- 
ference with the percentage composition of a carbohydrate, as, 
e. g., glucose. We have then the following table of which the 
first three columns are taken from Pfeffer’s memoir { the fourth 
is obtained by multiplying the percentage composition of the 

* Flora, 1867 


t Berichte deutsche bot. Ges. 5: 


t Pringsheim’s Jahrbiicher, 8: 355 seg. 1872. 
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glucose with 0.g1 in order to reduce its amount of carbon to the 
same number as represented in the third column : 








Asparagin. Legumin. Difference. Glucose 

C = 64.9 C = 36.4 + 28.5 C = 28.5 

H= 8.8 H= 6.1 + 2.7 H = 4.7 

N = 21.2 N = 21.2 

O = 30.6 O = 36.4 — 5.8 O 37.8 
125.5 100.0 71.0 


The difference between the two latter columns is 


H =2=H, 
O = 43.6 or nearly 2% O 


which give together H,O and about 1% O insurplus for each two 
atoms of N. In other words the transition from amides to proteids, 
supposing that the lacking elements are supplied by the carbo- 
hydrates, is a reduction. It may be, that this part of the synthe- 
sis requires the action of those strongly reducing bodies, which 
were found in the leaves by Schimper; for, as we know, the 
amides can be accumulated in darkness while the formation of pro- 
teids from them is connected with the action of light upon chlor- 
ophyll as stated by Schimper. The new experiments in this line’ 
show indeed, that if the plants have at their disposition an abund- 
ant supply of carbohydrates they can produce this synthesis in 
darkness : This does not appear strange, for they are then placed in 
the same conditions which exist generally in fungi, the needed 
reducing energy being supplied by the oxidation of the surplus of 
sugar. 

Another point to be considered is the origin of the oxalic acid. 
We have seen that Schimper as well as Berthelot and André con- 
sider it as an indirect product of the synthesis of proteids and this 
opinion generally prevails among physiologists in opposition to 
the older supposition of Holzner, who considered it as the result 
of their decomposition. On the other hand we see that oxalic 
acid is produced at nearly every decomposition or splitting of the 
proteid molecule. 

The only fact which can throw any light about the question 

*The above quoted pieces of work of Berthold, Hansteen and Kinoshita; W. Zaleski 


in Ber. deutsch. bot. Ges 15: 53° 


vi 
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as to the true origin of oxalic acid in plants, is the distribution of 


that compound in different organs of the plant. This point, as 
regards the oxalic acid bound to the calcium and forming in 
ble crystals, was very carefully studied by Schimper * and by 


lhe former distinguishes four types of calcium oxalates, adding 


a new one to the three proposed by Schimper : (1) The primaries are 


found in buds and are produced independently of assimilation ; (2) 
The secondaries originate in the chlorophylic parenchyma and are 
connected with assimilation; (3) The ¢ertiaries are found in the 
neighborhood of sclerenchymatous cells and also in fruits and seeds, 
where reserve-substances are accumulated ; (4) The guaternaries 
are deposited in leaves in the autumn and remain there. 

Beginning now with the fourth category, we know, that in 
the autumn new proteids are not formed in leaves, but on the con- 
trary, the larger portion of those that constitute the protoplasm of 
the cells, is dissolved and transferred into the stem; this transfer 
is most probably accomplished after the splitting of the proteids 
into amides and carbohydrates. The most abundant production 
of oxalic acid in plants is then due to the decomposition of pro- 
teids. It can be objected that the larger part of oxalic acid could 
have been produced at any earlier period of development of leaves 
being then in form of soluble compounds and that the sudden ap- 
pearance of a large amount of crystals in autumn is due to the 
supply of calcium. But we have no reason for supposing that 
large amounts of calcium are brought into the leaves at a time 
when their vital functions are declining. 

In reality the above quoted results of Berthelot and André 
concerning the distribution of oxalic acid in Rumex acetosa, con- 
taining a large amount of soluble oxalates seems to contra- 
dict our conclusion; but the same authors found in other plants 
(Amarantus caudatus, Chenopodium quinoa) quite opposite rela- 
tions, and they add, after having presented the results of analysis of 
the first of these plants: “that these latter plants show quite a 
different mode of generation and physiological functions ’’ (Ceci ac- 


* The above quoted article in Bot. Zeitung, 1888 


t Anatomisch-physiologische Untersuchungen iiber Kalksaltze und Kieselsiure in 


den Pflanzen, 1889 
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cuse un mode de generation et des fonctions physiologiques toute 
differentest). It is then not improbable that such plants as Ramex 
and other ‘‘ oxalic’’ plants represent some deviation from normal 
conditions. 

The deposition of calcium oxalate in places where thick mem- 
branes are formed was noticed long since by Sachs, and it is very 
natural to associate this phenomena with the production of cellulose. 
The only known method by which this body can be obtained is 
through the action of living protoplasm and that suggests the idea, 
that the cellulose is a product of proteids. <A direct transition of 
other carbohydrates, as sugar or starch, into cellulose was never 
observed either in the chemical laboratory or in plants ; and we can 
not imagine the role of the protoplasm in this process, otherwise 
than by supposing that these carbohydrates become constituent 
factors in the proteid molecule, and from the reduction of this 
molecule the cellulose is derived. 

Now the formation of the crystals of oxalates depends upon 
two factors: the formation of oxalic acid and the supply of cal- 
cium in amount sufficient to bind that acid. Both factors are 
present in the considered case, for where large amounts of cellu- 
lose are deposited by the protoplasm of the cells (as by the forma- 
tion of sclerenchymatous elements), large supplies of carbohydrates 
are necessary to form anew the protein molecules of the protoplasm, 
and the transfer of carbohydrates, as both Schimper and Kohl 
have shown, is strictly connected with the presence of calcium, 
which is considered as a “ vehicle’’ for these compounds. 

In the same way we can explain the formation of oxalic 
crystals in buds; the predominating phenomenon in this young 
tissue is the division of cells and the production of a large amount 
of cellulose membrane, which, according to our supposition, in- 
volves a large supply of calcium (as “ vehicle’ for carbohydrates) 
and the consequent formation of oxalic acid. 

As to the oxalates (called secondary), formed in the chloro- 
phylic tissue of the leaves, the conditions are more complicated. 
Schimper has proved that their formation “is dependent upon 
light and chlorophyl, but not upon assimilation.”+ Their 


* Comptes Rendus, 102: 1044 
t Bot. Zeitung, 1888, 69 
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amount does not diminish when the plant is put in a position 
in which it cannot assimilate, as, for instance, is the case when 
is in an atmosphere deprived of carbonic anhydride. Schimper 
found that in such conditions proteids cannot be produced by the 
plant ; thus the formation of these crystals cannot depend upon 
the formation of proteids. But although the formation of proteids 
is one of the essential functions of the leaf parenchyma, we 
know that another process is taking place in them, and that 
is respiration. Whether or not we accept the view that the 
respiration of plants is essentially based upon the spontaneous 
dissociation of proteid molecules (the intra-molecular respiration), 
we cannot overlook the analogy between the function of carbo- 
hydrates as respiratory material in animals and plants. 

When the assimilation goes on normally, the cellulose deposited 
by the decomposition of the proteid molecules augments the mass 
of the plant, while the assimilated carbohydrates are used partially 
in the reconstruction of that molecule, partially burnt out, the same 
as in the animal organism a product of proteids—the fat—is stored 
up, when the animal is abundantly fed with carbohydrates. But, 
if the production of carbohydrates is not sufficient, the material 
produced by the proteids is burnt the same as fat is burnt in animal 
organism under the same conditions. The amount of proteids 
decomposed by respiration, and consequently that of the oxalates 
is nearly the same, whether assimilation takes place or not; only 
in the last case the growth of the plant is hindered, for the part of 
the protein molecule deprived of nitrogen, will be oxydized into 
H,O and CO,, while its part containing nitrogen will increase the 
amount of amides, which, as is known, is really observed in such 
conditions. 

The dependence of the secondary oxalates on light and 
chlorophyl can be explained by the proteid influence of these fac- 
tors upon the transpiration or, in other words, upon the ascension 
of water from the soil towards the leaves, and the introduction of 
salts of calcium in quantities necessary to bind the produced oxalic 
acid. This dependence of the secondary oxalates upon transpiration 
was directly proved by Schimper*; the independence of the primary 
ones from that function, proved by the same investigator, can be 


op / it. 89 
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explained from the above statement, namely, that the necessary 
amount of calcium is never lacking in this case, because these or- 
gans being unable to produce the carbohydrates indispensable for 
their growth, these bodies must be transferred to the other parts 
of the plant, and that transfer is, as we know, fulfilled in form of a 
combination with calcium. 

We can thus consider a large part if not all the oxalic acid 
produced in plants* as a final product of decomposition of proteids 
in a certain degree analogous to the carbamide in animals. The 
analogy is increased by the fact that the oxalic acid is either ejected 
from plants in the fallen leaves, or reduced to a state of insolu- 
bility from which, in most cases, it is never brought forth. It is 
thus an excretion, comparable to the carbamide in animals. If 
these inductions are true, we can propose a very general question : 
What ts the reason for such a difference between terminal products of 
decomposition of the protetd molecule in animals and in plants ? 

We find a fact of equal generality which enables us to answer 
this question: that is, the reduction of nitric acid, common to all 
chlorophylic plants. Wedo not know exactly the stages through 
which this reduction goes, but it is not to be doubted that one of 
them must be nitrous acid (NHO,). The salts of this acid are found 
in plants only in very small amounts, but that is easily explained by 
their quick transformation into other compounds. 

Theaction of nitrous acid or its anhydride upon the compounds 
of an amidic type is very characteristic. When the reaction is 
violent the place of the amido group (NH,) is taken by the hydroxyl 
group (HQ), the nitrogen being set free; in other circumstances 
all the nitrogen remains combined with the radical, producing 
a diazo compound, while the hydrogen of the amido group and a 
part of the hydrogen of the radical is combined with the oxygen 
of the nitrous acid. 

These two modes of action of the nitrous acid are exemplified 
by the following equations : 

If we take the oxamide (the amide of the oxalic acid) the result 
will be oxalic acid, nitrogen and water : 

* Schimper admits that the whole amount of oxalic acid in plants need not neces- 
sarily have the same origin (oc. cit. 69). 








~ 


KOZLOWSKI: PRIMARY SYNTHESIS OF PROTEIDS 


v1 
t 


C,O, oar? 2HN( ), = Ci » (OH), + 4N + 4H,O 


But, if we act cautiously with hyponitrous acid upon the glycocol 
(the amido-acetic acid) we obtain at first the ether of that acid and 
of the glycocol, which afterwards yielding water gives the diazo- 


acetic acid, as shown by the equation 


Ether of g nd nit sa Diazo-acet acid N 
C,H,.CO,.CH,.NH,.NO,H = C,H,.CO,.CH¢ || + 2H,O 


We have seen that the chemical functions of the proteids compel 
us to admit the group 


as the basis of the molecule of these bodies. It is simply the oxa 
mide group, introduced in one of the above given equations. Each 
of the two atoms of nitrogen has in that group two free units of 
affinity. If we denote with X and &, two univalent radicals con 
taining C, H, O, N and S, we can represent a molecule of protein 


as follows 


» nih. 
oa a || le 
COZ =» CO 
2 \w ee’ R’HN a3 
H 


A molecule of such structure can give according, to the re- 
agents which will act upon it, either carbamide or oxalic acid. 

By hydrolysis it will be split at the places of junction of the 
radicals X and &, with the atoms of nitrogen, and the result will 


be as follows: 


I Oxamide 


R a > C,0, + 2H,O = R.OH + R,OH + HN. 


*>+CO. 
H.N = ws 

the oxamide then gives as known by oxydation carbonic anhydride 
and carb umid 


NH, 
NH, 


HN 


CO.+0 2 CcOofr’ 4 €4) 
HN 2+ : t YU, 
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The remainders of the first equation R.OH and 2,OH are poorer 
in nitrogen than protein. It is the type of disaggregation of 
proteids in animals. 

If the nitrous acid will act on such a molecule, it will split at 
the junction of the nitrogen atoms with the group C,O,, as was the 
case in the above quoted reaction with oxamide and _ nitrous acid ; 
but if the reaction proceeds very slowly the nitrogen will not be set 
free. Keeping the analogy with the above given reaction of NHO, 


and the glycocol we can represent the supposed process as fol- 


lows: 
Protein 
pape ), + 2HNO, = C,0,HO), + 2H,O 
/H) 
Diazotic compounds. 
N N 


+(K—HY"< +(R,—H) 
N 


4 
\n 

In other words each of the radicals R and &, losing one atom 
of hydrogen (which is used for the production of water with the 
oxygen of the nitrous acid) and developing to a new value of 
affinity, combines with the now formed diazo group (— V= V —). 

This ought to represent the transformation of the proteids in 
plants, which, as we know, do not lose their nitrogen. 

The known fact that the secondary and the tertiary amides 
of the aromatic series do not give diazotic compounds with 
nitrous acid,* cannot be quoted against the possibility of the sup- 
posed reaction. For (1) The diazotic compounds of the fat series 
differ much from those of the aromatic one as well in their consti- 
tution as in their properties, and (2) As we know very little about 
them the argument based upon the ignorance of such a reaction 
loses its strength. Then, we must remember that the reaction to 
which the production of diazotic compounds is due, belongs to 
those in which all is dependent upon the conditions of action of 
the agents ; we are, indeed, encouraged to suppose that the subtle- 
ness of the transition in plants surpasses even the most delicate 
chemical operations in our laboratories that we can imagine. 

From the secondaries nitroso-amides are obtained ; the tertiaries give compounds 


with a nitroso group (NO) on the benzolic nucleus (Confr. Ladenburg, Handwérter- 


buch der Chemie, 3: 194) 
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[he above presented hypothesis lacks direct proof. My own 
repeat d attempt to pre duce the reaction of dissociation supposed 
for plants, either through action of gaseous N,O, or nitrite of 
potassium (KNQ,), or soda (NaNO,) in presence of any acid (hydro- 
chloric or acetic) upon the albumin did not give any definite result.’ 
[his is certainly no objection against the validity of the hypothesis. 
[he conditions for such a reaction are probably very delicate and 
very complicated and remain to be discovered. But among recent 
pieces of work there are some which give an indirect support t 
this hypothesis 

Drexel + obtained through action of hydrochloric acid and 
stannous chloride on albumin a base (/ysatine, C,H,,N,O,) which 
gives carbamide when treated with baryta water. This reaction 


shows, as the author deduces, that carbamide is not a product 


of oxydation, but of hydrolysis. The same result is reached 
through physiological deductions.t A fact of greatest interest for 


physiologists is that the arginine (C,H,,N,O, obtained by Schultze 
from the seeds of Lupinus and differing from lysatine only by the 
addition of NH, gives also carbamide with baryta water.$ It proves 
that a wide difference in the constitution of animal and vegetable 
proteins is not the ground for the different terminal products, but 


] 
| 
A 


only the difference of the chemical processes in both. 

On the other hand Buchner and Curtius, using soda nitrite on 
the product of the reaction of hydrochloric gas and alcohol on gela- 
tine, obtained a diazotic compound, which differs very strikingly 
from other compounds of this kind by its stability ; thus, ¢. g., it 
can be boiled without decomposition. This compound was ob- 
tained in a large amount (150 grains from 400 grains of gelatine) 
and ought to be the only product of the reaction. The investiga- 
tion of the products from the action of iodide upon these com- 


pounds leads the authors to one of the following formulae : 


ise it seemed not to be produced by any change in the albumin; in the 


1 was the constant product of the reaction 


r Us ‘ Bildung des Harnstoff aus Eiweiss in the Berichte deutsch. chem 
Gese h., 189 20906 Confr. also Siegfried, Zur Kenntniss det | altungs] roducten 
der Eiweiss / , 24: 418 ISo!I. 

tCf. A. Gautier, Chi de la cellule vivante, 1895, passim. 


4 Ber deutsch het (ses 24: 1005 ISOI 
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Ether of the diazo-oxy Ether of the diazo-lacti 
acrylic acid, acid 
CN, CH.N, 
I 
C(OH) or CH(OH) 
CO-O-C,H, CO-O-C,H, 


These facts show the possibility of such a reaction, as was sug- 
gested both in animals and in plants which explain two very gen- 
eral physiological facts, viz. : 

1. That the terminal products of disintegration of the proteid 
molecule are different in plants and in animals. 

2. That green plants cannot use the ammoniacal compounds 
for the production of proteids, while the mediating links in that 
process are amides, compounds with hydrogenized nitrogen and 
not with the oxydized one as is found in nitric acid. 

The first is explained by the fact that in the animal organisms 
there are no conditions for the production of nitrous acid, while 
in plants it might be produced as one of the stages of deoxidation 
of the nitric acid. The second, by the necessity of that acid for 
green plants and thus the impossibility of omitting that stage of 
deoxidation and of beginning the process with compounds contain- 
ing only hydrogenized nitrogen. (In fungi, as we know, the process 
must be different, and it is proved that they can use the amidic 
ammoniacal compounds as supply of nitrogen. ) 

The logic of chemistry seems to impose upon us this hypothesis 
with almost irresistible necessity. All that we know about the 
chemical process in organisms teaches us that these processes are 
produced so as to pass through all the consecutive stages and 
compounds mediating between the initial and the terminal one. If 
we represent the transition from nitric acid to the amides through 
all known stages of reduction we obtain the following series of 


groups ° 


D 
Ammonia 
Nitro. Nitroso Diazotic. Hydrazines. and amides. 
—~NO, —NO —N=N— H,N—NH, NH, 


We see thus that the diazo compounds take the middle place be- 
tween the oxidized nitrogen of acids and the hydrogenized of hy- 


drazines and amides. It is not improbable that the hydrazines 











tn 
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are the agents of many reductions, such as the reduction of silver, 
which, as Low and Bokorny have shown, constitute a property of 
living plasma, of those proteids in which the process of disaggre- 
ition and regeneration of molecules is still going on. 
rhis regeneration is produced by means of compounds with 
diazotic groups like those formed in the last equation, and it is 
easy to see that every process of disintegration is accompanied by 
an enrichment with organic nitrogen, and as every decomposition 
of proteids is only a stage to their reconstruction in larger amount, 
the above discussed question upon the origin of oxalic acids ap- 
pears under quite a new ligiit; in most parts of the plant (ex- 
cluding the autumnal leaves) both decomposition and reconstruc- 
tion of proteids are connected processes taking place at the same 
time 
I have had already occasion to notice the analogy between the 
production of cellulose in plants and that of fats in animals. It 
is natural to suppose that both are produced by some groups of 
atoms set aside during the above discussed reaction. _ If in the for- 
mula of protein we put groups of atoms VY and -X, containing only 
carbon, hydrogen and oxygen, instead of NH, it assumes the fol- 


lowing structure : 


_ & 
C.O -N \ 
N R 
Ya 
AX, 


These groups of atoms, being set free in each of the two sup- 
posed reactions, would originate the fatty acids in the case of ani- 
mals, the cellulose or starch in the case of plants. Thus we can 
represent the continuous process of formation and destruction of 


proteids in plants as follows: 


PROTEIDS The compound richer f reduced to amides and combined 
(stored in the =—> in nitrogen (da J with the assimilated carbohy 
seeds ). zotic ? ) drates gives anew 

x, 
+ NHO, I the ce//ulose and the T 
duc ed by the re n carb hydrates cone Y 
duction of NHO u sumed by respiration PROTEIDS, 
from soil ). which with the HNO, produced 
Onxali from the reduction of NH¢ ). Is 


acid further decomposed. 
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It is necessary to notice that this diagram does not require a 
constant relation between the amount of protein and that of carbo- 
hydrates in plants, a relation which really does not exist. The 
quantitative relation between compounds containing nitrogen and 
those without it in plants is within certain limits dependent upon 
the relation of assimilation to the amount of nitric acid absorbed 
from the soil. The greater the amount of assimilated carbohy- 
drates, the less the carbohydrates, which are derived from proteids, 
will be burnt. On the contrary, when the amount of assimilated 
carbohydrates is not sufficient the relative amount of nitrogen in 
the plant will rise, and since in such conditions proteids cannot be 
regenerated—that surplus will consist of amides and other nitric 
compounds of a non-proteid character. Something like this we 
find in the above quoted results of the analysis of plants grown 
from seeds in darkness. (Avfe, p. 39.) 

But the amount of cellulose (and other soluble carbohydrates) 
cannot exceed a certain maximum in respect to nitrogen, and that 
maximum corresponds to such a state in which the assimilated 
carbohydrates make up all the loss for respiration, a state probably 
reached in plants when the conditions of feeding are normal. 

Some chemical and physiological facts indicate that in the 
proteid molecule there are groups of atoms closely connected 
together and containing each 6 atoms of carbon. That number 
is basal for the carbohydrates found in organisms and fatty acids, 
the most common in animals, containing a multiple of that num- 
ber (the stearic C,,H,,O,; the oleic C,.H,,O,). The amides, 
which are produced in organisms, or through the action of 
chemical agents upon the proteids contain generally less than 6 
atoms of carbon and the most typical of them, leucine is the 
amido-capronic acid —C,H,,NO,. Only the less defined com- 
pounds obtained by Schiitzenberger (and called by him leucines) 
seem to make an exception to this rule, but we do not know 
whether these are chemical individuals or mixtures. All these 
and many other physiological facts oblige us to admit a near con- 
nection between proteids, fats and carbohydrates, and although 
the transitions from one group to another cannot yet be accom- 
plished in the laboratory, there is no doubt that it is accom- 
plished continually in the organisms themselves. 

NEw YorK 











Note on Asplenium Glenniei Baker in Synopsis Filicum, 
2d Ed. p. 488 


By C. W. Hop 
In August, 1898, I had the pleasure of making the acquain- 
tance of Professor Underwood, while he was examining certain 
genera of ferns in the herbarium of the Royal Gardens at Kew, 
and I then drew his attention to what I considered a remarkable 
instance ¢ 


f a locally plentiful Himalayan fern being sparingly found 
in a few localities in Mexico and in Arizona, U. S. A., having 
been described from the American specimens as a new species, 
and I asked leave to send my views as to this fern for publication 
in the BULLETIN OF THE TorRREY BOTANICAL CLus. 

In the first edition of the Synopsis Filtcum, under Asplentum 
fontanum Bernh., A. exitguum Bedd., from the Nilgiris, is men- 
tioned as being a less divided form, with narrow fronds and 
ebeneous rhachis, and the authors go on to say that a similar plant 
had been gathered in Mexico by Mr. Glennie. But in the second 
edition Mr. Baker set up a new species—‘' A. Glenniet Baker, 
Hab. Mexico, Consul Glennie, Bourgeau, 252.—Very like some of 
the forms of foxtanum.” When at Kew, in 1888, I pointed out 
to Mr. Baker and Colonel Beddome that the specimens of A. 
Glenniet in the Royal Herbarium were merely a common north- 
west Indian fern, which 1] had been calling A. earguum Bedd.— 
Mr. Baker objected that there was a wide interval between Mexico 
and the western Himalaya, and Colonel Beddome remarked that 
neither the Himalayan nor the Mexican plant could be his because 
the fronds were not prolonged at the apex. Prolongation of the 
rhachis into a “naked tail often bearing a young plant’’ was a 
character given by Beddome in his original description of the 
species, in the ‘‘ Ferns of S. India,’’ published in 1873, though 
this entry was omitted from his Handbook of 1883, where he de- 
graded the plant to the rank of variety. This proliferous form of 
the tip I found, on returning to India, to be a normal, though per- 
haps not an invariable character of the Himalayan plant, as it is 
to be also of A. micropteron Baker, Syn. Fil. 488,—‘ rhachis much 
(58) 
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produced beyond lamina, rooting at the tip, Hab. San Luis, 7000, 
Pearce.” But A. micropteron differs materially in having a flat- 
tened and broadly and interruptedly winged rhachis, and also in 
the cutting of the pinnae, and must be considered quite distinct. 
Mr. Baker’s type specimen of A. Glenniet (vide Ic. Fil. pl. 7648) 
has not a prolonged and proliferous rachis; but in the British 
Museum there is one plant among A. fontanum, ticketed—“ UV. S. 
Pacific Coast Flora (new to U. S.) var.—‘ Conservatory,’ Huachuca 
Mts., Arizona, August 8, 1882, Lemmon Herbarium, Oakland, 
California,” which is exactly the northwest Himalayan fern, and 
it is proliferous on the pinnae throughout, and also at the 
apex of the frond. And there are in the same herbarium two 
specimens from America, named A. Glenniet Baker, which are ex- 
actly the Himalayan plant. Also, there are in the Calcutta Her- 
barium three specimens named A. G/enniei, from America, one or 
two of which is the Himalayan fern, the third is not. 

The Mexican plant had been named Athyrium gracile by 
Fournier, in his Fil. Mex. 102, published in 1872, and Mr. Baker 
gave this as a synonym of his Asplenium Glenniet, being obliged 
to reject gracile as the specific name because there was already 
Asplenium gracile Fée, and also another plant so named by 
Pappe and Rawson. Fournier's plant is in the ‘ Herbier de la 
Commission scientifique du Mexico, recueilli par M. Bourgeau 
1865-66.”" Lemmon’s plant, collected in Arizona, 1882, was 
identified by Baker as A. Glennict, and was cited as A. Glenniet 
Baker, by Eaton in the BULLETIN oF THE ToRREY BOTANICAL 
Crus, 1883, p. 29, and some specimens collected by Pringle, and 
by Lloyd, in Mexico in 1886 and 1894, were also so named. 

I find no difficulty in separating the Himalayan and North 
American plant from A. foxtanum Bernh. ; but it is not without 
hesitation that I came to the conclusion that it is the same as Bed- 
dome’s Nilgiri plant. Beddome found his plant in only one sta- 
tion, and he then thought it nearly allied to A. comptorhachis Kze., 
which Baker unites with A. /unulatum Sw. Mr. Gamble has a 
dozen plants ticketed A. exiguum, which he got near Barliar, on 
the Nilgiris, 2500 ft. alt., all small and narrow, and with prolonged 
rhachises. I have seen no S. Indian specimen nearly so large as 
the Himalayan plant reaches. Of the latter-named plant I wrote 


the following description about eight years ago : 
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Plants isolated, or united in tufts by the matted roots; caudex 
erect, short; sf#pes %-2% in. 1, rarely more than 1% in., 
densely tufted, soft, castaneous, clothed at base with linear hair- 
pointed dark-colored scales, more or less so clothed upwards, 
scales gradually changing upwards to soft hairs, /rovd linear-lanceot 
late, bipinnatified, never nearly bipinnate, 2-9 in. 1., %—-1 4% in. br., 

s flattened, winged, green in upper two thirds, the castaneous 
color of stipes extending farthest up the inferior side, and some- 
times in patches ; fiuuae 20—25-jugate, oblong with an expanded 
base or cuneate, sometimes leafy and then obliquely triangular and 
less cut, subpetiolate, blunt, costae inconspicuous, undulate later- 
ally, lower pinnae more distinct, shorter but scarcely narrower at 
base, sometimes trifoliate in shape ; segments 3—6-jugate, having 
1—6 teeth according to number of veinlets, lower margins concavely 
cut or scooped out, lowest anterior much cut away; color dark 
green; ves one to each segment sometimes forking near tips ; 
sort costular, one at the base of each segment, two or more in 
lowest anterior ; f/rovd often very attenuate upwards and then root- 
ing at tip ; segments sometimes all truncate or marginate at apex 
and there proliferous.”’ 

[he Himalayan habitats I have noted are: The PuNjJAB: in 
Kuller 7—g000 ft. alt., one station; inthe Szm/la Region 6—gooo ft., 
not common, but gathered by seven persons separately. In the 
NORTHWESTERN PROVINCES: in the Dehra Doon Dist., in Tannsar 
7000 ft., in the Hill Sanitarium of Mussooree 55-7000 ft., locally 
plentiful ; in Garhival 6—7000 ft., not often seen ; in the Aumaun 
Dist. 5—10000 ft., in various places. 

As to distribution—besides the Mexican and U. S. A. habi- 
tats already mentioned—I have noted Waugtu in the Sikkim Him. 
alaya, Hook. fil. & Thoms. 1847; the S. Indian stations for Bed- 
dome’s plant already mentioned : China—Monpine, David, 1889 ; 
Mengtez ; Yunnan, IV. Hancock, 1893 ; ‘‘ shady rocks, very local.”’ 

If the Nilgiri (S. India) plant (Bedd. F.S. 1, 4 746) be admit- 
ted to be the same as the American and Himalayan plants (Bed- 
dome added “ Himalayas’”’ as a habitat in his Handbook), then 
Beddome’s name A. exiguum, being the older, must have priority 
over Baker’s name, A. Glenniet. A. Zunnanense Franchet in Bull. 
Bot. Soc. France, 1885, p. 28, which Mr. Baker, in Ann. Bot., 
1892, placed as a variety of A. fontanum Bernh., near var. extguum, 
and of which Beddome in his Suppt. of 1892, after describing it, says: 
“Seems hardly to differ from typical foxtanum,” must, I think, 


also come under A. exiguum. 
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I have not gathered A. fontanum Bernh., but I possess numerous 
specimens, collected by five contributors in the northwestern Hima- 
laya, from Hazara eastward to Kumaun, and have seen many 
more collected by them and many others from Afghanistan to 
west Nepal, and, except as to size, 1 can say that the specimens 
are very uniform. Mature plants vary from 2% to 12 inches in 
height (including rootstock) according to attitude and exposure. 
The largest I have seen were from Kashmire at an altitude of 
4500 ft.; one I have is 12 inches high; and I have a note of an- 
other plant which had 16 fresh fronds covering, as dried, an area of 
15x 10inches. There is never any resemblance to, or passage 
into A. extzguum Bedd. The Indian specimens agree with the de- 
scription of A. fontanum in that they are all distinctly dpinnate ; 
A. eaiguum (or Glenniet) is never more than d:pinnatifid. A. fon- 
tanum is always of a pale grass-green color—almost yellowish 
sometimes : A. exiguum is always dark green. And, correspond- 
ing to the cutting and venation, the position of the sori in the two 
plants is quite different. In A. fontanum the sori are all placed in 
the pinnules and segments, on the veinlets, without any relation 
to the costa of the pinna: in A. ertguum they are in a row on each 
side of and close to the costa, curving outwards with the veins 
towards the segments. A. fontanum, so far as I know, never has 
fronds with the rhachis prolonged and rooting at the point; nor 
have I seen it proliferous at the pinnae. Both these features are 
characteristic of A. eazguum. 

A great deal of the European material called A. Haller 
Willd. (under Aspzdium), which by some botanists is reduced to 
A. fontanum, is more like A. exiguum than like A. fontanum, but the 
fronds of A. Halleri are broader for their length, and the sori do 
not lie along the costa or secondary rhachis. Willdenow said of 
A. Halleri: ‘‘ Ab A. fontano ab unde distincta species.”” A. eaig- 
uum varies considerably in width of frond and pinnae and in cut- 
ting, but the variations are all away from the direction of A. fonta- 
num. Indeed I should find it difficult to point out identical 
characters, or even resemblances, between the two plants. 

A. ex'guum is abundant in many places within the municipal 
limits of Mussooree, the Hill Sanitarium in the District of Dehra 
Doon, Northwest Provinces, India—where I have chiefly observed 
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it—at altitudes of about 5500 to almost 7000 feet, on (usually) 
limestone, moss-covered rocks in the forest, generally with a 
northern aspect. It spreads itself out like aster, the prolonged 
fronds bending backward until they hang their tips in the moss, 
seeking for cracks or crevices, or earth, in which to root. The 
fronds last for two years at least, living through the winter in frost 
and snow, and through the succeeding dry, hot season, in a shriv- 
eled and apparently dead state until the rainy season comes in 
June or July, when they uncurl, and then frequently, if they have 
not already done so, produce young plants on their tips, or on 
their pinnae. This is followed by the springing up of fresh fronds 
from the same roots, which are not generally proliferous in that 
season, so far as I have seen. Judging from the numerous her- 
barium specimens I have seen A. fontanum of the Himalaya has 
a more erect habit than A. exiguum, andis never prolife rous. 

The late Mr. H. F. Blanford, F.R.S. (vide his “ List of the 
Ferns of Simla, in the N. W. Himalaya between Levels of 
4500 and 10,000 feet,’’ Jour. Asiat. Soc. Bengal, 5'7: 294-315. 
1888), said that A. exiguum was rare in the neighborhood 
of Simla. In Mr. J. S. Gamble’s collection I have found three 
sheets—with eleven specimens—from Simla. On the five days’ 
march from Simla to Bagi, eastward on the Great Thibet road in 
1886, I saw only two or three specimens at about 8000 feet alti- 
tude, but the fern may be more abundant off the road at lower 
levels. In 1861 I saw one plant of A. exiguum at Naini Tal, in 
Kumaun, N. W. Himalayas, by the side of the lake, but none any- 
where else or on the way to Almora, thirty miles northward ; and 
there is not much record of it from the eastward of Mussooree. 
[here is no passage from A. exiguum to the next species, A. 
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New Species of Fungi 
By Cuas. H. PEcK 


- Lepiota coerulescens 


Pileus thin, convex, obtuse or slightly umbonate, squamulose, 
whitish, the squamules and the center brownish, flesh and surface 
of the pileus becoming blue in drying; lamellae thin, close, free, 
white, becoming blue in drying; stem slender, equal, brownish, 
annulate, the annulus membranous, persistent, externally tinged 
with blue when dry ; spores elliptic, 7 #4 long, 5 » broad. 

Pileus 1.5—2 cm. broad; stem 3-5 cm. long, 2 mm. thick. 
Gmo: iG, Lloyd. 
The species is closely allied to Lepiota cristata, from which it 


is easily separated by its assuming blue tints in drying. 


- Lepiota gracilis 

Pileus thin, convex or campanulate, somewhat umbonate, white, 
the center and the scales formed from the ruptured cuticle black- 
ish brown; lamellae close, ventricose, free, whitish ; stem long, 
slender, floccose or fibrillose, blackish brown, the annulus mem- 
branous, persistent, conspicuous, blackish brown on the lower sur- 
face ; spores broadly elliptic, 6-7 » long, 4 » broad. 

Pileus 6-10 mm. broad; stem about 2.5 cm. long, scarcely 
more than 1 mm. thick. 

Black humus in woods, Elmsdale, Canada. September. J. 
Dearness. 

A small, graceful species which when young is probably wholly 
covered by the blackish brown cuticle, but by the expansion of 
the pileus this soon ruptures, except in the center or on the umbo, 


revealing the white surface beneath and forming spot-like scales. 


* Tricholoma piperatum . 


Pileus rather thin, firm, dry, convex, obtuse or subumbonate, 
virgate with innate brownish fibrils, varying in color from grayish 
brown to blackish brown, sometimes with greenish or yellowish 
tints, flesh white or whitish, taste acrid; lamellae broad, close, 
rounded behind, adnexed, whitish or yellowish; stem generally 
short, equal, solid, silky, slightly mealy or pruinose at the top, 


white or slightly tinted with yellow ; spores elliptic, 6-7 4 long, 


5 # broad. 
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Pileus 4-7 cm. broad; stem 5—7 cm. long, 6—12 mm. thick. 

Woods, Massachusetts, G. E. Francis; Pennsylvania, Charles 
McIlvaine. 

Che central part of the pileus is sometimes a little darker than 
the rest. The peppery or acrid taste is very distinct and remains 
in the mouth many minutes. This and the innately fibrillose 
character of the pileus are distinguishing characters of the species 


[he plants appear from September to November. 


Hygrophorus Morrisii 

Pileus thin, convex, obtuse or umbonate, covered by a viscid 
separable pellicle, even, grayish brown or blackish brown, flesh 
whitish ; lamellae subdistant, adnate or slightly decurrent, often 
slightly eroded or uneven on the edge, white ; stem rather slender, 
equal or slightly tapering downward, solid, straight or flexuous, 
flocculently furfuraceous, pallid or brownish ; spores elliptic or ob- 
long, 10-12 long, 5 _ broad. 

Pileus 1.5—2.5 cm. broad: stem 4-6 cm. long, 3—5 mm. thick 

Under pine trees, Waltham, Mass. November. G. E. Morris 

[his species is closely related to 7. pustulatus Fr., but differs 
from it in the entire absence of pustules or papillae from the uni 
formly colored pileus and in having a solid stem which, though 
somewhat scurfy, is not rough or scabrous with black points. The 
presence of concolorous papillae on the pileus and of black points 
on the stem of //. pustulatus is given by Fries special emphasis in 
his description of this species. In Icones he describes the lamellae 
as very entire (integerrimae) which character is not applicable to 
our plant. These differences seem to me too important to be dis- 
regarded and I take pleasure in dedicating this interesting Ameri- 
can species to Mr. George E. Morris, who sent me numerous 


specimens of it in fine condition. 


Volvaria umbonata 


Pileus thin, campanulate, becoming convex or nearly plane, 
prominently umbonate, distinctly striate, slightly viscid when 
moist, silky when dry, white; lamellae moderately close, free, 
not extending beyond the margin of the pileus, pale flesh color ; 
stem equal or slightly thickened at the base, glabrous, solid, 
white, the ruptured membranous white volva persistent, ir- 


regularly split or lobed on the margin and forming a shallow cup 
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at the base of the stem; spores broadly elliptic, uninucleate, 
variable in size, 5—7 # long, 4—5 # broad. 

Pileus 2-3 cm. broad; stem 5-6 cm. long, 
thick. 


Lawns and grassy places, Ohio, Lloyd. 


about 4 mm. 


The species is most closely allied to Volvaria media (Schum.) 
Fr., from which it is distinguished by its larger spores and the 
striate margin of the pileus. In our plant the striations some- 
times extend to the umbo. Volvaria emendatior (B. & C.) is de- 
scribed as having a white umbonate pileus with striate margin, but 
it is a much larger plant with the lamellae extending beyond the 


margin of the pileus and with cymbiform spores 12 4 long. 


» Clitopilus irregularis 

Pileus thin, irregular, sometimes eccentric, nearly plane, gla- 
brous, reddish brown, flesh white ; lamellae rather broad, subdis- 
tant, decurrent, whitish becoming tinged with flesh color; stem 
short, solid or spongy within, externally fibrous, colored like the 
pileus, usually caespitose ; spores pale flesh color, elliptic, 6-7 » 
long, 3-4 # broad. 
Pileus about 2.5 cm. broad; stem about 2.5 cm. long, 2—4 
mm. thick. 


Manured ground, London, Canada. October. Dearness. 


- Leptonia aeruginosa 

Pileus thin, convex, umbilicate or centrally depressed, striate, 
aeruginous ; lamellae broad, subdistant, adnate, aeruginous, tinged 
with flesh color when mature; stem slender, glabrous, hollow, 
colored like the pileus ; spores angular, 7.5-10 » long, generally 
containing a single large nucleus. 

Pileus 1.5—2.5 cm. broad; stem about 2.5 cm. long, 2 mm. 
thick. 

Shaded places in woods, Oxbow river, Canada. August. 
Dearness. 

This small mushroom is quite conspicuous by reason of its pe- 
culiar and unusual verdigris color. This fades with age to an 
ashy green hue. 

+ Flammula aliena 

Pileus thin, flexible, broadly convex, umbilicate, dry, glabrous, 
slightly striate on the margin when old, grayish or pale grayish- 
brown, flesh white, fibrous ; lamellae thin, subdistant, arcuate, de- 
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current, ochraceous brown; stem firm, fibrous-striate, solid, 
slightly tapering upward, colored like the pileus, covered at the 
b with a dense white tomentum; spores ferruginous-brown, 
| bose, 5 broad. 

Pileus 3-5 cm. broad; stem 5 cm. long, 4—6 mm. thick. 

Gregarious on partly buried anthracite coal, Mt. Gretna, Pa. 
September. C. Mcllvaine. 

[he species is peculiar in its color and habitat. In the dried 
specimen the lamellae have assumed a brown color with no 
ochraceous tint Mr. Mecllvaine remarks that it is an edible 
species, dries well and is excellent when cooked. Its relationship 
is with /. axoma/a Pk., but it is a larger plant with darker color 


and a different habitat. 


« Galera capillaripes 


Pileus subcampanulate, obtuse, a little broader than high, even, 
glabrous, hygrophanous, faintly striatulate and pale ferruginous 
when moist, paler or buff color when dry ; lamellae rather broad, 
distant, adnate, pale ferruginous; stem very slender, flexuous, 
clabrous, colored like the pileus ; spores ¢ lliptic, S—I2 Iu long, O—7 
m broad 

Pileus 4-6 mm. broad; stem 2-3 cm. long, less than I mm. 
thick. 

Lawns and grassy places, Ohio. May and June. Lloyd. 

This might easily be taken for a dwarf form of Galera tenera 
(Schaeff.) Fr., from which its capillary flexuous stem and more 


distant lamellae serve to distinguish it. 


Crepidotus latifolius 


Pileus very thin, submembranous, sessile, suborbicular, 3—6 
mm. broad, hygrophanous, striatulate when moist, white and 


slightly pubescent when dry, flesh white; lamellae very broad, 
suborbicular, 5 or 6 times as wide as the thickness of the flesh, 
subdistant, extending beyond the margin of the pileus, white be- 


obose, 5—6 pL broad. 


gl 


coming pale ferruginous with age ; spores 


Gregarious on much decayed wood, Ohio, Lloyd. 


Agaricus maritimus 


Pileus very fleshy, firm, at first subglobose, then broadly con- 
vex or nearly plane, glabrous, sometimes slightly squamose with 
appressed spot-like scales, white becoming dingy or grayish brown 
when old, flesh whitish, quickly reddening when cut, taste agree- 


ox 
> 























Peck: New SPECIES oF FUNGI 67 
able, odor distinct, suggestive of the odors of the seashore ; lamel- 
lae narrow, close, free, pinkish becoming purplish brown with age, 
the edge white; stem short, stout, firm, solid, equal, sometimes 
bulbous, white, the annulus delicate, slight and easily obliterated ; 
spores broadly elliptic, purplish brown, 7-8 y» long, 5-6 y broad. 

Pileus 5-20 cm. broad; stem 2.5-—5 cm. long, 1.5—2.5 cm. 
thick. 

Sandy soil near salt water, Lynn, Nahant and Marblehead, 
Mass. June to December. R. F. Dearborn. 

This is a very interesting and an excellent mushroom. Dr. 
Dearborn writes that he has used it on the table for fourteen years 
and that it is the only mushroom that he has ever eaten in which 
the stem is as good as the cap. He considers it the most hearty 
and satisfying of all the numerous species that he has ever eaten. 
Both its taste and odor is suggestive of the sea. The latter is 
quite strong, and perceptible by one riding along the road by 
whose side the mushrooms are growing. They sometimes grow 
in semicircles and attain a larger size in warm weather than in the 
colder weather of autumn. They are most abundant in August. 
The flesh when cut or broken quickly assumes a pink or reddish 
hue on the freshly exposed surface. This is a very distinctive 
character and with the maritime habitat makes the species easy to 
recognize. Another species, Agaricus haemorrhoidarius Kalchb. 
exhibits a similar change of color in its wounded flesh, but it is of 
very rare occurrence with us, does not, so far as ascertained, grow 
near the sea, has a darker cap and a longer hollow stem. The 
stem in the maritime mushroom is short and solid. Its collar is 


very slight and easily destroyed. 


Agaricus magnificus 


Pileus fleshy, thick, convex, becoming nearly plane or cen- 
trally depressed, glabrous, often wavy and split on the margin 
white or whitish, often brownish in the center, flesh 1.5-—2 cm. 
thick in the center, thin on the margin, white, unchangeable ; 
lamellae numerous, rather broad, close, free, ventricose, white be- 
coming dark purplish brown with age, never pink; stem firm, 
stuffed with cottony pith, bulbous or thickened at the base, fibril- 
lose, striate, minutely furfuraceous toward the base, annulate, pal- 
lid or whitish, the annulus thin, persistent, white ; spores small, 
elliptic, 5-6 » long, 3-4 # broad. 

Pileus 5-15 cm. broad; stem 10-15 cm. long, about 2.5 cm. 


thick. 
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Gregarious or cespitose; thin woods, Mt. Gretna, Pa. Au 

ist Mcllvaine. 

\ large fine species distinguished from its near allies by the ab 

nce of pink hues from the gills. Mr. McIlvaine remarks that 
it has an anise-like flavor and odor and that when young the whole 
fungus is tender and high-flavored but when full grown only the 
caps are edible 
Agaricus argenteus Braendle 77 (2/7. 

Pileus thin, convex becoming nearly plane, slightly silky or 
glabrous, pale grayish white or grayish brown, shining with a 
silvery luster when dry, the margin sometimes striate, at first in- 
curved, often revolute when old, flesh whitish, becoming blackish 
where cut ; lamellae close, free, at first brownish, becoming black- 
ish brown or black with age; stem short, glabrous, solid, often 
narrowed toward the base, the annulus slight, evanescent ; spores 
broadly elliptic, 7-10 » long, 6 « broad. 

Pileus 2.5—5 cm. broad ; stem 2.5—4 cm. long, 4-8 mm. thick 

Lawns and grassy places in rich soil. Often associated with 
Stropharia bilamellata Pk. After rains from April to Novembe1 
Washington, D. C., F. J. Braendle. 

This is asmall mushroom, peculiar in having the young lamella« 
of a dark color and in the absence of any pink hues. The lamellae 
sometimes become moist and manifest a tendency to deliquesce 
The drying specimens emit a strong but not unpleasant odor 
Mr. Braendle says that their edible quality is excellent and that it 
is not impaired by drying. 

Psathyra microsperma 

Pileus ovate or subhemispherical, becoming deeply convex or 
subcampanulate, obtuse, even, hygrophanous, brown when moist, 
paler when dry, slightly floccose when young, flesh brownish ; 
lamellae thin, close, adnate, brown ; stem equal, hollow, fibrillose ; 

ores brown, elliptic, 5-6 w# long, 3-4 » broad. 

Pileus 1-2.5 cm. broad ; stem 2.5—3 cm. long, 2—3 mm. thick. 

Cespitose about old stumps, Ohio. April. Lloyd. 


Che white floccose tufts of the pileus and the white fibrils of 


the stem are easily destroyed in handling the specimens. The 
species is similar in the ornamentation of the pileus to Psz/ocybe 
senex Pk, 


Coprinus laceratus 
Pileus thin, at first ovate and covered with a white separable 
floccose coat which soon separates into scales or patches and 
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finally disappears, then campanulate, striate nearly to the center, 
much torn or lacerated on the margin, pale buff becoming darker 
with age; lamellae thin, close, free, white when young, becoming 
black ; stem equal or slightly thickened at the base, striate, hollow, 
white ; Spores elliptic, I2—15 ge long, 8-10 ps broad. 

Pileus 2.5—4 cm. broad; stem 5~—7.5 cm. long, about 4 mm. 
thick. 

Cespitose on manure mixed with shavings, Ohio, Lloyd. 

The glabrate mature specimens resemble very pale forms of 
C. micaceus Fr. Young plants resemble C. guadrifidum Pk., but 
the mature plants do not split to the center as in that species, and 


the spores are larger than in it. 


- Polyporus admirabilis 

Pilei tufted, large, more or less imbricated, nearly entire cen- 
trally depressed or subinfundibuliform, glabrous, white or slightly 
tinted with pale yellow or cream color; pores minute, rotund, 
whitish, with thin dissepiments ; spores flattened, orbicular, 5-6 » 
broad. 

Pilei 10-15 cm. broad, united at the base and forming tufts 30 
cm. or more in diameter. 

Wood of apple trees, Riverside, Maine. August and Sep- 
tember. H. P. Burt. 

This is a very beautiful and attractive species which is referable 


to the tribe Merisma. Mr. Burt remarks that the fresh tufts of 


clear white trumpet shaped pilei are suggestive of a cluster of giant 
calla lilies. 
- Craterellus corrugis 
Pileus soft, fleshy, flexible, at first clavate, obtuse, flesh colo- 
tinted with violet, soon obconic or turbinate, broadly convex or 
truncate, glabrous, somewhat irregular with an obtuse margin corr 


D 


rugated by the extension of the hymenial wrinkles, ochraceous buff 


or pale ochraceous when fresh and moist, somewhat rufescent 
when dry, sometimes leprously whitened in the center, flesh white, 
very soft, soon shrinking and leaving the pileus hollow, the 
hymenium colored like the pileus, conspicuously corrugated or 
wrinkled when fresh or moist, the wrinkles less conspicuous when 
dry ; stem short, equal or tapering downward, colored like, or a 
little paler than the pileus; spores white, 8-10 long ; 4-5 
broad. 

Pileus 2.5—5 cm. broad ; stem 1.5—2.5 cm. long, 6—8 mm. thick. 

Thin oak woods, Massachusetts. September to November. 


G. F. Francis. 
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[his species iS closely related to C. clavatus (Pers.) Fr. from 
which it differs in its coloration, larger size and smaller spores. 
Sometimes the plants are united at the base, forming small clusters. 
he species is also liable to be confused with Craterellus pistillaris 
Fr. and Clavaria pistillaris L., unless the distinguishing characters 
are carefully observed. 

, Fistulina firma 

Pileus fleshy, firm, flexible, dimidiate or reniform, convex, 
covered with a minute somewhat tufted tomentum, buff verging 
toward isabelline, flesh very white; tubes short, 1-2 mm. long, 


whitish, abruptly terminating at the stem; stem firm, solid, some- 
what irregular, cinnamon brown above, paler below, white within ; 
spores minute, subglobose, about 3 # broad. 

Pileus 6—7 cm. broad; stem 2.5 cm. long, 8-12 mm. thick. 

Among fallen leaves, near Manchester, N. H. October. Mrs. 

his is evidently a very rare and very distinct species. Only 
two specimens were found and these were united at the base. 
They were apparently growing from the ground where it was 
covered with fallen leaves, but probably the base of the stem was 
connected with some root or piece of buried wood. Most of the 
described species have more or less red in the color of the pileus, 
but in this there are no red tints. The tomentum is of such a 


character as to give the pileus a pulverulent appearance, but it is 


not at all dusty nor easily separable. The flesh is pure white, of 
a uniform but firm texture and a slightly acrid flavor. The tubes 
are very minute and very short. The mass is rounded next the 


stem, ending abruptly and not at all decurrent. 
band I d 


Helvella nigra 

Pileus irregular, cupular, 1.5-2 cm. broad, externally velvety 
with short few-celled blackish brown or black septate hairs, hyme- 
nium even, black ; stem 1.5—2 cm. long, solid, deeply sulcate and 
lacunosely pitted, velvety, black ; asci 8-spored, 150-200 + long, 
12-15 # broad ; spores elliptic, 15-20 wlong, 10-12 y broad, usu- 
ally containing a single large shining nucleus. 

Ashes of an old camp fire, Mt. Katadin, Maine. September. 
F. L. Harvey. 

This species is externally black and everywhere clothed with 


short thick black hairs except on the hymenium, but the inner sub- 
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stance is white. It is peculiar in having a cup-shaped though wavy 
and irregular ascomate or pileus. It is possible that this may be- 
come reflexed or deflexed with age, but I have seen no such spec- 
imens. The stem is rather long and conspicuously sulcate and 
lacunose, and on this account I have referred the species to the 
genus //felvella rather than to Acetabularia. The hymenium is 


sometimes suffused with a white pruinosity. 


* Microglossum obscurum 

Clubs 8-12 mm. long, about 2 mm. broad, compressed, ob- 
tuse, glabrous, tapering below into a stem which is about as long 
as the club, olive brown or blackish brown ; asci clavate, 100-112 
# long ; spores fusiform, slightly curved, hyaline, 12-15 » long, 
4-5 mw broad. 

Gregarious or cespitose in thickets, Canada. August. Dear- 
ness. 

The whole fungus is scarcely more than 2 or 2.5 cm. long. 
It is smaller and more regular than J/. contortum Pk., and its 
spores are more narrow. From the very variable J/. mu/tiforme 


(Henn.) Sacc. it is easily separated by its darker color. 














Mycological Notes.—V 


By Byron D. HALSTED 


Che notes for the present issue have this in common that they 
are all derived from the results obtained at the Experiment Area 
of the New Jersey Experiment Station. This test field, sometimes 
called the “ Plant Hospital,’’ consists of two acres laid off into 
six series, each with four plots and the latter are all divided into 
six equal parts 11 by 33 feet and called belts. These belts are 
usually the unit of area for any variation in the method of treat- 
ment for the crop in the plot. 

Nearly all the vegetable and vegetable-fruit crops are grown, 
some one or more fungi infesting each being under consideration- 
In some instances the treatment is entirely with the soil, as for 
club-root of turnip, or scab of the round potato, but in the major- 
ity of cases it is by means of various fungicides applied to the 
aerial portions of the plant, as in the spraying of beets for leaf 


blight (Cercospora beticola Sacc.) or beans for the pod spot (Co/ 


j / 


letotrichum lagenarum Pass.). 

[he present season closed the fifth year in the existence of 
these experiment grounds and during all that time some crops 
have been grown continuously upon the same land. The work 
with the turnip club-root (Plasmodiophora Brassicae Wor.) is a 
good instance of this latter fact and may well serve as the first note 
to be recorded. 

Lime for the Club-root of Turnips.—Experiments with lime as a 
remedy for the club-root, due to the subterranean J/yxomycete, 
above named, have been carried out upon one plot, one-twentieth 
of an acre, and divided into six equal belts. Lime, air slaked, was 
used upon three of the belts, namely numbers 1, 3 and 5, and at 
the rate of 150, 75 and 371% bushels per acre respectively, applied 
April 24, 1894, to the surface of the ground already prepared for 
sowing, and thoroughly raked in. Belt number 6 received cor- 
rosive sublimate and its consideration will be omitted at this time. 

The following table gives the yield of turnips in terms of 
pounds, and sound and clubbed roots for each of the past five 
years, no additional lime having been applied during that time. 
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Year Plotr Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 
Sound Clubbed Sound Clubbed Sound Clubbed Sound Clubbed Sound Clubbed Sound Clubbed 
1594 00 2 95 37 75 II IOI I4 120 3 127 II 
1895 53 1 42 81 135 7 91 30 132 5 79 54 
1896 9I oO I go 87 I 25 65 77 I 22 56 
1897 lI5 Oo 34 SI 117 I 124 4 ISI 44 
1898 86 oO 14 77 77 2 64 34 68 I 67 28 
Potal 444 3 186 366 491 22 281 149 521 14 503 156 


It is seen that the amount of diseased roots was much less 
upon the limed than the unlimed belts. It will be fair to take the 
first four plots thus dealing with equal areas with lime and without, 
and under these conditions it is seen that the two limed belts in 
1894 gave 13 pounds of clubbed roots to 51 pounds when no treat- 
ment was made. The next year shows a greater difference in favor 
of the limed belts, for in 1895 the yield of diseased roots stood for 
the treated 8 pounds to 117 pounds for the untreated belts. 

In 1896 there was one pound to 155 in favor of the limed belts, 
and in 1897 the results were practically the same, here, however, 
one of the check belts was employed for testing the susceptibility 
of other cruciferae to the /lasmodiophora. In 1898 there were 
two pounds of clubbed roots upon the limed belts to 111 where 
there was no treatment. 

It is seen from the table that the larger amount of lime (belt 1) 
produced only 3 pounds of clubbed turnips and the half amount 
of lime (belt 3) yielded 22 pounds, which exceeded the belt with 
a quarter amount of the lime, namely, 37% bushels per acre. 
From this test for five years it seems that 35 bushels of lime 
per acre isample to keep the club-root from the land even when 
the susceptible crop is grown continuously, and two crops each 
season for at least five years without diminished strength. 

By combining the two treated and two check belts the follow- 


ing table is constructed : 


Limited Belts. Untreated Belts. 

Year Sound. Clubbed. Sound Clubbed. 
1894 174 13 196 51 
1895 188 8 133 117 
1896 178 I 26 155 
1897 232 I 68 (162) estimated 
1898 163 2 78 III 

Totals. 935 25 501 596 

















74 HarsteD: MycoLocicat NoTEs 


It is seen from this that in a field when the diseased roots out- 
weigh the sound ones, the presence of lime in the soil has the 
wholesome effect of reducing the disease to near four per cent. of 
its abundance upon untreated land. 

It should be said in addition that under the method of inspec- 
tion any root that showed the slightest indication of the club-root 
fungus was excluded from the group of sound specimens and, 
therefore, this was a discrimination against the treatment, for the 
diseased roots grown in the limed land were usually only infested 
to a small extent, while those upon the untreated soil were, as a 
rule, badly diseased and frequently offensive and of course unmar- 
ketable 

Artificial Introduction of Onion Smut.——Smut-infested soil was 
obtained from a field of a large onion grower in the southern part 
of the State where Uvocystis cepulae Fr., had been so fatal that 
the growing of onions was abandoned. The dry soil thus obtained 
was added to the open row before the onion seed had been sown 
and an equal amount upon the covered row, making in all one 
bushel of the soil to the belt or at the rate of 120 bushels per 
acre. The seed was sown upon April 23d, and owing to unfavor- 
able weather, germination was slow and the smutted seedlings 
were first found upon June 8th, and in abundance ; but only in the 
belt where the soil had received the earth from the far away old 
onion field. A white variety “ Pearl’? and a red variety “ Red 
Weathersfield ’’ were in alternate rows, and there seemed to be no 
difference in susceptibility between the two kinds. No smutted 
onions were found outside of the belt under treatment, which indi- 
cates that the disease does not spread rapidly over the field unless 
the soil is transported, which may be by implements of culture, by 
winds or the flow of water over the surface of the soil. It is 
demonstrated that the smut germs can be artificially transferred, 
very effectively, in small amounts of soil and onion growers should 
bear the fact in mind in contending with this serious enemy. 

lhe Beet Leaf Blight as a Test for Fungictdes—The beet has 
been grown in the Experiment Area for the past five years, and is 
found with us to be one of the best plants for testing of fungicides. 
There are two fungous diseases that infest the foliage in particular 


and one of these, Cercospora beticola Sacc., is so abundant as to be 
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safely counted upon as being present. The beet plant is a quick 
growing annual that lends itself especially well to plot experiments; 
it is low-growing, a habit of considerable importance in spraying ; 
the leaves are large and the disease is conspicuous. Use has been 
made of nearly all of the full list of the more common vegetables 
and vegetable-fruit plants and none of them are equal to the beet 
as a subject for testing the application of fungicides. 

During 1894, the first year that beets were grown upon the 
Experiment Area, only Mangel wurzels were grown and the Bor- 
deaux mixture gave an increase over the check of 26 per cent. 
In 1896 four kinds of Bordeaux, namely, the ordinary sort made 
with lime was used as a standard with which was compared three 
other kinds, namely, soda-bordeaux, potash-bordeaux and am- 
monia-bordeaux, the lime being replaced with other alkalies, soda, 
potash and ammonia respectively. In this year the increase in 
crop accredited to the Bordeaux mixture was 46.5 per cent. for 
the roots and 77.5 per cent. for the foliage and these were ex- 
ceeded by the potash-bordeaux which gave 47.5 per cent. gain in 
roots and 78.5 per cent. of leaves. 

In 1897 five varieties of beets were grown in order to study 
the susceptibility of the different sorts to the blight and the rela- 
tive effects the various fungicides might have upon them. Out of 
this list the three following were selected for further use, namely, 
‘Long blood-red,” ‘“‘ Swiss chard”’ and “ Long Mangel wurzel ”’ 
as representing three widely separated types of beets. In passing 
it may be mentioned that the ‘‘ Swiss chard”’ is a form of beet 
producing small roots and a large development of leaves with 
broad etiolated petioles that become the edible portion of the 
plant. This variety blights badly and becomes a better test of 
the value of a fungicide than beets of the ordinary sort where the 
root-weight is the deciding point. In short, the experience of the 
five years in finding the most suitable plant upon which to experi- 
ment with fungicides has led gradually to the acceptance of the 
beets and of these the ‘‘ Swiss chard”’ is the one of greatest value. 

During 1898, the “ Chard” in the belts sprayed with Bor- 
deaux and the soda-bordeaux were conspicuous for their com- 


parative freedom from blight and the latter was somewhat ahead 


of the Bordeaux mixture. This soda-bordeaux is made accord- 
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ing to the following formula: soda, 1 pound (a pound can of 
Lewis’ Lye, for example); copper sulphate, 3 pounds; lime, 5 
ounces ; water, 30 gallons. 

In order to prevent the mixture turning brown (which does 
not, however, lessen its efficiency but discolors the treated plant) 
a small quantity of lime is used to neutralize any excess of acid 
and in this way a permanent bluish-colored solution is obtained. 
Che advantage claimed for this combination is the absence of the 
large amount of the lime in the ordinary Bordeaux mixture, and 
it may prove of considerable value in spraying in the fruit garden 
and vineyard, in particular when the fruit is nearing full size and a 
clear fungicide does not leave a serious stain upon the fruit. The 
ease with which the compound may be made and the absence of 
any danger of clogging the spraying machine commend the mix- 
ture to the practical mind. 

Susceptibility of Bush Beans to Blight-—Four varieties of bush 
beans were under experimentation the present season, namely the 
“Green Flagolet,” ‘Golden Wax,” ‘Early Refugee’ and 
‘Saddleback Wax.” Two plots were employed, one of them 
having been in beans continuously since the spring of 1894, two 
crops each year, and therefore the present season produced the 
ninth and tenth successive crops. The other plot was of land that 
had not been in beans for many years, if ever before. Upon the 
old land the “ Refugee’’ proved the most productive and the 
“ Flagolet’’ the least, but in spotted pods the results were reversed. 

The new land carried a duplicate of the experiment of the one 
upon the old land, and here the “ Refugee’’ proved the most pro- 
ductive and least susceptible to the disease. If one were seeking 
a variety to furnish an abundance of disease, for experimental pur- 
poses, he could scarcely go amiss in selecting the ‘Flagolet,” 
while, on the other hand, the “‘Refugee’”’ would be less acceptable. 
In foliage the ‘‘ Flagolet’’ is exceedingly tender, and from the time 
the first true leaf appears there is more or less blight in sight. 

With the second or autumn crop the same record is made, 
namely that the ‘ Flagolet’” leads all other varieties in suscepti- 
bility to the blight. From this and the experience of other years 
this sort may be considered as one of weak resistant power. 


Sweet Corn Smut and Bacterial Disease.-—Several varieties of 
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sweet corn were grown, only one of which has shown unmistakable 
signs of the bacterial disease (Pseudomonas Stewarti E. F. Smith), 
namely, ‘ First of all.’’ This is a very small form, the chief merit 
of which is its earliness. A second crop grown with the stubble of 
the first had some of the plants decay away at the base, due to the 
bacteriosis. 

Smut (Ustlago maydis DC.) was quite abundant upon the 
same variety, and like the Pseudomonas was rarely met with else- 
where in the plot where four other varieties of sweet corn were 
grown. 

Rotation of Crops a valuable Fungicide.—The fairly well known 
fact stated in the headline was brought strikingly to the attention 
of the writer in an experiment with egg-plants. One plot had been 
in this crop for three successive years, and a half of it was again 
set to egg-plants for 1898. <A duplicate set of plants was placed 
upon a half plot of land where that crop probably had never been 
grown. The treatment as to culture and kinds and times of spray- 
ing were the same upon the two areas, and the results are shown 


in the following table : 


New Ground. Marketable. Small. Total. 
Sound fruits. 130 So 210 
Decayed fruits 21 19 40 

Old Ground. 

Sound fruits. 27 15 42 
Decayed fruits 21 45 66 


There were five times as many sound fruits upon the new as 
upon the old land, while the decayed ones were only 16 per cent. 
upon the new land and 61 per cent. upon the old land. The point 
of special interest in this connection was that nine sprayings were 
made with Bordeaux upon one row of each of the half plots and 
this mixture was not able to keep the plants in the old land in 
good health. In short, a crop may be continued so long upon the 
same land that a fungicide may fail to do its effective work, when 
a resort to some other crop is the only practical method of dealing 
with the troubles. 

Sulphur as a Remedy for Potato Diseases.—Sulphur was added 
to five of the twenty-four belts of land in one portion of the Ex- 
periment Area devoted to tests for a remedy for the Potato Scab 
(Oospora scabies Thax.). 
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The following table shows the amounts of sulphur per acre, 


and the time of application : 


Plot I Belt 2 120 ths 1896 480 ths 1808 600 IDs Scab 28.33 
LI 2 240 240 ° 450 31 66 GF 
Ill * 2 600 600 30.606 & 
II] 6 450 4So 20.00 % 
L\ 6 30 ‘ ISOS 300 * 10.00 
Average 6 eo . — oa 25-33 % 
All of the ‘“‘seed”’ for the whole field, except that of certain 


check belts, was soaked twice for one hour each in the standard 
solution of corrosive sublimate and this operation reduced the 
scab 814 %. After making this allowance for the corrosive sub- 
limate the sulphur still further reduced the scab from 52 to 25.33 
per cent., or to less than half of the average of the unsulphured 
belts. 

In another part of the Experiment Area there were eighteen 
belts of land in potatoes, and here the three untreated belts gave 
63.30 per cent; of scab. There were four belts to which sulphur 


was added in equal amounts, but at different times, as follows : 


Belt 1 3 5 6 

In 1896 240 Ibs 480 Ibs 260 Ibs 
In 1898 480 * 240 ‘§ 720 Ibs 260 
Total i+ a ae a * 720 ‘4 720 * 720 


[he average percentage of scab upon these four belts is 12.50% 
or 50.80% below that upon the untreated belts. 

One other test was made with sulphur for potato scab, namely 
in a plot where turnips had been grown for four years continuously, 
two crops each year, and sulphur at the rate of 1,200 pounds per 
acre had been added to one belt in 1896. 

After an interval of many years since potatoes had been upon 
this land the scab was abundant, averaging 80% for the five belts 
not bearing sulphur, while the treated one showed only 35%, and 
three quarters of this was upon the row adjoining a belt where the 
scab was recorded as being go‘. 

he three above experiments show that in one instance sulphur 
reduced the amount of scab after the ‘‘ seed’’ had been soaked 
twice in corrosive sublimate from 52% to 25.33%, in the second 
case from 63.30% to 12.50% and in the last from 80% to 35%. 
An average of these results shows a reduction of the scab from 


65.10% to 24.27% 


ain | 




















A new Tertiary fossil Moss 


By ELIZABETH G. BRITTON 


The specimen is number 1765 of the National Museum col- 
lection. The material in which it was discovered was obtained by 
Professor I. C. Russell at a coal mine one mile west of Cle Elum, 
Kittitass Co., Washington, on July 7, 1897. It came from what 
is known as the “ Roslyn sandstone,’”’ and its age is probably 
lower Miocene or upper Eocene. It was sent with other speci- 
mens from the same place to Professor F. H. Knowlton, who sup- 
plied the facts given above and who states that it is associated 
with species of Lygodium, Ulmus, Planera and Chrysophyllum, be- 
sides a number of other beautifully preserved leaves. He recog- 
nized it as a fossil moss and states that it is undoubtedly the old- 
est fossil species thus far found in this country. He submitted it 
to me for the determination of its nearest living alliance and Dr. 
Hollick has searched over the literature of fossil mosses and made 
the drawing of the specimen. I have dedicated the species to its 


discoverer. 


Rhynchostegium Knowltoni 


Stem I cm. or more long, showing as a carbonized line at 
several points and seemingly continuous with a slender, curved, 
carbonaceous prolongation from its apex, like a leafless stolon. 
Leaves about I mm. long, one third as broad, becoming smaller 
toward the apex of the stem, more or less two-ranked or flattened, 
spreading at an angle of 45°, not crowded nor overlapping, un- 
equal at base, the upper half of the leaf rounded at base and cover- 
ing the stem, the lower narrower and tapering to the stem; vein 
indicated or suggested more or less clearly in the lower leaves by 
carbonaceous lines continuous beyond the middle of the leaf, dis- 
appearing below the apex which is acute but somewhat blunt, in 
some leaves quite rounded and broad, not tapering. 

Evidently belonging to the Hypnaceae with flattened, appar- 
ently two-ranked leaves, suggesting by its tapering, stoloniferous 
stems, a species related to Rhyuchostegium rusciforme (Neck.) 

(79) 
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Br. & Sch., but differing from that species in its more flattened, 
less crowded leaves and more slender stems. The species of 
Rhynchostegium are rock mosses with creeping, rooting stems, 
often stoloniferous and bearing the leaves flattened, ovate or lance- 
olate and in several species blunt or rounded at apex. The vein 
is single and extends from one half to three fourths the length of 
the leaf and the base is either narrow or somewhat decurrent. 
Chis fossil spe cies has therefore all the essential characters of the 
genus, though differing somewhat from all living species. 

Dr. Hollick has supplied the following notes : 


we - ° ~ 
7%, Mosses as fossils are exceedingly rare and as far 


as I am aware, all the species thus far recorded, 
with one exception are barren. They are almost 
confined to the Tertiary and later rocks, although 
Heer supposed that mosses must have been pres- 
ent inthe Jurassic period, on account of the pres- 
ence, in rocks of the Liassic epoch, of the insect 
genus yrrhidium, whose living representatives 
feed upon mosses (Primeval World of Switzer- 
land, English edition, Vol. I., p. 89); and Renault 
and Zeiller have described, and provisionally re- 
ferred to the mosses, certain remains from the 
coal measures of Commentry (Comp. Rend 
Acad. Sci. Paris, 100: 660. ISS5 ). | heir pres 
ence as early as the Carboniferous period is cer- 
tainly to be expected, as the Pteridophyta and 
even the Gymnospermae had appeared upon the 
scene prior to that time, and their absence from 
the palaeontological record is probably to be 
accounted for by reason of their insignificant size 


and the difficulty of their preservation. Fossil 





mosses were formerly all included under the 
genus J/uscites Brong. and under this genus Unger enumerates nine 
species Genera et Species Plantarum Fossilium, 41, 42. 1850). 
Schimper in his Traité de Paléontologie Veégetale, Vol. I., pub- 
lished in 1869, enumerates about thirty species and includes them 
all, with the exception of three, in living genera and in some cases 


refers them to living species. A number have been discovered 





L 
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recently in the Old World in deposits of late geological horizons 
and referable definitely or provisionally to living species. 

The only fossil moss with capsules, which I have been able to 
find recorded is Gymnostomum ferrugineum Ludwig (Palaeont. 8: 
165. pl. 63,7. 9, ga. 1859-61) found in the brown hematite 
Tertiary deposits of Montabauer. The specimen shows six de- 
tached capsules and a few fragmentary branches. Schimper in his 
Traité de Paleontologie Vegetale refers this specimen to the peat 
mosses and describes it as Sphagnum Ludwigii, stating that it is 
related to S. cymbifolium and S. subsecundum. 

Thus far the only species recorded from America are //ypnum 
Hayderi Lesq., from the Eocene of Colorado (Hayden’s Ann. 
Rept. 1874: 309. 1876; Tert. Fl. 44: pl. 5. f. 14-146), 
which is almost certainly a Lycopodium, and few fragmentary re- 
mains of living species from the Pleistocene deposits of Canada, 
described by Dawson and Penhallow (Bull. Geol. Soc. Am. 1: 


31 


Jt 


, 332. 1890). The specimen now described, is therefore prob- 


ably the first extinct species and the oldest fossil species recorded 


from America. 








The Washington Botanical Club. 


The Washington Botanical Club was organized by a gathering 
of botanists held at the residence of one of its members, Novem- 
ber 11, 1898. The limit of membership was fixed at twenty, and 
it was determined that the meetings should be for the present, at 
least, of a distinctly social and informal nature, with free scope for 
discussion and the general interchange of ideas. At a subsequent 
meeting held December 14th, the organization was perfected by 
the election of Professor Edward L. Greene as President and Mr. 
Charles Louis Pollard as Secretary. The Club is to hold monthly 
sessions, devoting itself chiefly to systematic and ecological work, 
the field of physiology and vegetable pathology being covered by 
the already existing Botanical Seminar. At the December meet- 
ing the following resolutions, commemorative of the late Gilbert 
H. Hicks were unanimously adopted and ordered printed in the 
leading botanical journals of the country. 

“It is with extreme sorrow and heartfelt regret that we learn 
of the death of our friend and colleague, Mr. Gilbert H. Hicks. 
lo all of us he was known intimately as an earnest co-worker in 
the field of science and a genial member of our social organiza- 
tions. His energy, earnestness and conscientiousness in scientific 
work commanded our approval, and secured recognition for him 
in all scientific circles as an able investigator. He had already 
done much to advance knowledge in his chosen line of work, and 
we feel that the cause of science has lost greatly by his untimely 
death 

‘Much of his work, though of a high scientific character, had 
been so directed as to yield results of the greatest practical value 
in the production of food crops, and was intended to lighten, in 
some degree, the burden of struggling humanity. As a botanist, 
his keen appreciation of practical problems and his extensive 
knowledge of plant life well fitted him for this work for the peo- 
ple, and not only science has lost by his death, but all tillers of 
the soil, those who plow, sow and reap, have lost a true friend and 
counsellor. 


(82) 
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“ Yet to us, his daily associates, the loss is greatest. We shall 
miss his cheery greetings, his companionship, his counsel. _ It is 
thus with feeling of deepest sorrow and regret that we have 
learned that he has been taken from us, while yet in the prime and 
vigor of early manhood. To his sorrowing family we desire to 
express our heartfelt sympathy and condolence. We realize how 
inexpressibly great the loss has been to them, and we mourn with 
them. 

‘ Resolved, That a copy of the above resolutions be sent to the 
family of the deceased and to the principal botanical magazines in 


this country.” 


CHARLES Louis POLLARD, 
Secretary Washington Botanical Club. 
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